Bringing together the latest scientific advances and some of the most enduring subtle philosophical puzzles and problems, this book collects original historical and contemporary sources to explore the wide range of issues surrounding the nature of life.
Preface
This book is a collection of readings about the nature of life. The idea for it was born when we first met and discovered our mutual interest in the nature of life, a shared background in philosophy of science and philosophy of biology, and a complementary scientific expertise in the origin of life and astrobiology (Cleland) and artificial life and synthetic biology (Bedau). We both wanted to have a book like this, so we decided to compile it together. Our interests and orientation led us to include material in four general areas: (i) classical philosophical and scientific discussions about the nature of life, (ii) contemporary scientific and philosophical discussions of the origins of life, and of chemical possibilities for unfamiliar forms of natural life, (iii) discussions of contemporary artificial life creations, including not just computer simulations but also self-reproducing robots, protocells, and other synthetic biology constructions created in the wet lab, and (iv) attempts by contemporary scientists and philosophers to describe and explain the nature of life in its most general, non-Earthcentric, form. Producing this book confirmed for us the value of combining multiple perspectives on life.
We hope that this book will inform philosophers about the latest scientific advances and introduce scientists to subtle philosophical puzzles and problems, and thereby foster new, well-informed and thoughtful philosophical and scientific reflection about the nature of life. In our opinion, genuine progress in understanding life crucially depends upon combining both scientific and philosophical perspectives on life.
Our book is aimed at a broad audience. Some of the chapters are quite accessible and others are fairly technical. Each section is preceded by an introduction connecting the various ideas discussed in individual chapters and providing helpful background material for understanding them. We hope that philosophers interested in life (including those working in philosophy of biology, philosophy of science, and philosophy of mind) will pay especially close attention to the scientific chapters, and that scientists interested in the nature of life (including biologists, chemists, physicists, astronomers, geologists, and astrobiologists) will pay especially close attention to the philosophical chapters. Graduate and undergraduate students in any of these areas will also find the book useful as a text in interdisciplinary courses on life. Anyone from the general public who is curious about up-to-date scientific and philosophical perspectives on life should enjoy the book as well.
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The twentieth-century American philosopher W. V. O. Quine proposed that epistemology could be viewed as an "enterprise within natural science" (Quine, 1975, p. 68) . In a similar spirit, the editors of this volume believe that collaboration between scientists and philosophers provides the best hope for achieving a compelling answer to the question of the nature of life. Contemporary science has greatly expanded our understanding of the complexities of natural life, and it has provided many intriguing new examples of lifelike artificial systems. But an intellectually satisfying answer to the question "what is life?" requires more than this. It requires analyzing, evaluating, and systematizing disparate information emerging from a multiplicity of scientific disciplines. It is natural for philosophy to play a central role in this process. Philosophers are trained in logical and conceptual analysis. They have expertise in sorting out foundational issues, rooting out subtle inconsistencies, transforming vague generalizations into logically precise principles, tracing logical relations among concepts, principles, hypotheses, and empirical evidence, and evaluating the strength of arguments and theories. Philosophy brings conceptual clarity and logical rigor to scientific theorizing. At the same time, science grounds philosophical reflection on empirical evidence gleaned from careful observation and experiment. Together, contemporary philosophy and science hold forth the promise of finding a satisfactory answer to the age-old question of the nature of life.
The contents of this anthology are the outcome of many lively discussions among the editors and their scientific and philosophical colleagues concerning which issues about life matter most. The chapters selected represent only a small portion of a vast philosophical and scientific literature on life; readers are urged to consult the extensive Supplementary Bibliography at the end for many excellent and important additional writings on life. We tried to be representative, that is, to include classical writings that covered the historically most influential scientific and philosophical ideas, and the leading contemporary scientific and philosophical positions. Chapters were selected also on the basis of their promise for shedding light on central contemporary issues and controversies about life, such as how recent discoveries in microbiology have challenged traditional conceptions of the nature of life. We also made a point to include different approaches to methodology, such as whether the best answer to the question "what is life?" is a definition or a theory, or something else entirely. Any contemporary attempt to understand the nature of life should be informed by important recent scientific developments. Artificial life and synthetic biology are motivating significant philosophical and scientific reflection about the nature of life. Section III concerns the implications of attempts in artificial life and synthetic biology to recreate life in the laboratory and to make lifelike systems out of hardware or software. The scientific state of the art in artificial life and synthetic biology is presented in some chapters. In other chapters philosophers and historians reflect on the larger implications of those scientific developments. The strong thesis of artificial life and synthetic biology is that we can construct new kinds of systems (using software, hardware, or wetware) that literally are alive-as alive as any other form of life we know. It contrasts with a weaker thesis that construes the lifelike systems constructed by artificial life researchers as useful theoretical tools for exploring properties of living systems, but not literally alive. Because research in artificial life aims to create novel kinds of lifelike systems, scientists must ask what really makes something alive. Is it the material stuff out of which it is composed (cytoplasm, flesh and bones, etc.)? Or is it the kinds of metabolic processes in which those materials are participating, in a transitory and fleeting way? Attempts to create lifelike systems or even life itself from nonliving materials also focus attention on a variety of foundational issues, such as whether there is a sharp distinction between life and non-life, or whether there is an open-ended array of alternative kinds of systems that are more or less alive. Artificial life and synthetic biology also raise a fundamental epistemological issue: What kind of evidence should we use when explaining why a given kind of chemical system is literally alive? For example, what weight should we give to generalizations derived only from all known forms of life on Earth?
Section IV illustrates the main philosophical and scientific approaches to answering the general question "what is life?" Achieving a satisfactory understanding of the nature of life involves explaining a range of familiar and striking phenomena. As these chapters illustrate, there is not a consensus about which characteristics of familiar life constitute the "signs," "hallmarks," or "puzzles" most in need of explanation. We need to figure out what evidential status to give to our current preconceptions about life. It is not obvious what epistemological authority they should have. Part of the problem is that our experience with natural life is limited to familiar Earth life. As the discussions in Section II reveal, we have compelling scientific reasons for believing that all known life on Earth descends from a common ancestor. We also have good scientific reasons for believing that life could have been at least modestly different, but we have very little idea how different it could have been. This makes it difficult to identify which characteristics of familiar Earth life are found universally in all actual examples of life. For all we know, familiar Earth life could constitute an unrepresentative example of all possible forms of life. However, not everyone views this problem as insurmountable. The development of artificial ("hard" and "soft") life systems and the creation of novel microorganisms in the laboratory by synthetic biologists give us powerful new tools for exploring and expanding our concept of life, and perhaps even increasing the sample size of kinds of life available to us for empirical investigation. The discussions in Section IV also address foundational theoretical issues about life such as the role of reduction and emergence in explanations of life and the question of whether life is a compositional, structural, or functional kind, or some combination thereof. The chapters in this section explore different perspectives on these and related issues within the context of recent scientific and philosophical advances.
The question of the proper methodology for constructing and evaluating views about the nature of life is a central concern of many of the chapters in Section IV written by philosophers. One issue is the evidential status of signs, hallmarks, and puzzles about life. What role should these play when investigating the nature of life? Are they test cases for evaluating accounts of life? A striking feature of investigations into the nature of life is the ambiguous and uncertain application of various methodologies. Another important question concerns the widespread use of definitions in explaining life. Definitions can be distinguished from criteria for life, and from life's signs and hallmarks. They can take different forms, including pragmatic and operational, although many scientists and philosophers prefer logically complete definitions providing necessary and sufficient conditions for life. Some authors in Section IV reject the project of defining life. 
